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(54) ANTILIPEMIC CX>MPOSmON CONTAINING 
UNS APONIFIABLE MATTER OF SOYBEAN OIL 



(71) We, TAKASm KANEDA of 
No. 14 — 1—44, Sanjo-madii, Sendai-shi, 
Miyagi-ken, Japan and TOSHIKAZU TAB- 
ATA of No. 748, Kikuna-machi, Koh<to-ku, 
5 Yckdiama-shi, Kanagawa4cen, Japan, both 
dtizens of Japan, do hereby declare the in- 
vention, for whidi we pray tot a patent may 
be granted to us, and the mediod by ^icfa 
it is to be perf onned, to be pardcukily des- 

10 cribed in and by the fdlowtng statement:— 
This invention relates to an andlipemic 
composition i.e. one which acts to lower 
the level of fats or lipids in blood serum. 
It has been established in die prior art 

15 that certain plant sterols (also termed phytsy- 
sterols), including ^-sitosterol and sdg- 
mastcrol, are effective for lowering the choles- 
teroi level in blood serum^. A number of sudh 
reports on the antilipemic activity of plant 

20 sterols have been published. An antilipemic 
agent containing 20% by weight of /3-sito- 
sterd suspended in a 4% alcohol solution has 
recently been put on the market by £. Lilly 
Co. At the present time there exists no 

25 known method by which plant sterols other 
than /3-sitosterol, e.g., stigmasterol and camp^ 
esteiol, can be extracted and separated, in 
pure form, from vegetable ofls. The use of 
jS-sitosterol as an antilepemic agent requires 

30 that dosages be administered in disadvantage 
eousiy large amounts, i.e., 20 to 30 g of 
^-sitosterol per day, because of the body's 
low absoiption of ^-sitosterols thus inviting 
liver or kidney troubles over long periods 

35 of administration. Additionally, wbm the 
^-sitosterol containing antilipemic agent is 
administered over a long period of time, a 
rebound phencmienon in the cholesterol value 
is observed during the administration period. 

40 "It has now been discovered that vrhen an 
antilipemic composition which contains as 



the active ingredient a specific nonsaponifiable 
fraction of soybean oil is used, the dosing 
amount of active ingredient can be reduced 
to less than 1/lOth (1.2 — 1.8 g per day) 45 
that required for ^-sitosterol, thus reducing 
potential kidney and liver problems. 

Thus, the present invention provides an 
antilipemic composition oomprismg a non- 
saponifiable fraction of soybean oil and an 50 
orally administerable carrier, said nonsaponi- 
fiable fraction containing about 45% by 
weight of plant sterols, induding campestero^ 
stigmasterol and ^-sistosterol, and about 20% 
by weight of tocopherols. 55 

Blood and urine examinations seem to show 
that die newly discovered antilipemic compo- 
sition produces no adverse secondary effects 
even when administered over a long period 
of time. Furthermore, it has been confirmed 60 
through laboratory and clinical smdies that 
the plant sterols became substituted for a 
part of die animal sterols (cfadesterals) in 
the liver and blood. The composidoa con- 
taining the nonsaponifiable fracdon of soybean 65 
oil should be administered in doses contain- 
ing no more dian 600 to 900 mg of ^yto- 
sterols to attain a satisfactory clinical result 
It has been discovered that where the present 
nonsaponifiable fraction of soybean oil is ad- 70 
ministered to hun:ian beings in total dosages 
of 1200 to 1800 mg a day, the total cholesterol 
level in the blood serum is lowered on the 
average of 10% to 15%, but the true lower- 
ing of the cholesterol level is thought to be 75 
about 20% to 25% since about 10% of die 
diolesterols in die serum are replacaed by 
phytosterols. 

From die foregoing, it will be understood 
that die antilipemic composition oi the present 80 
invention offers die advantage that the dosage 
can be significandy reduced as compared with 



^'See, for example. Steroid Biochemistry 
and Pfwrmacology M. H. Briggs and J. 
Brotherton — Academic Press (Lcmdon: 
1970), p. 183. 



the prior art /^-satosterol-containing agent 
vliich requires total dosages of 20 to 30 g 
per day. 

The unsaponifiable fraction of soybean oil 
5 which is employed as an active component 
of the antilipeniic composition of the present 
invention may be prepared by saponif3ring 
and subjecting molecular distillation a deodor- 
ned soybean oil, as will be described in more 
10 detail below. The ml fraction so produced 
contains laxge amounts of phytosterols and 
tooopherols. Analysis of the unsaponifiable 
fraction of soybean qU by a color reaction 
*Bst, a digitanide-fonnadon reaction test, in- 
15 feared and ultraviolet absorption spectra, 
and thin layer and gas liquid chnnnatogtapby, 
reveals that die foUowing substances are con- 
tained in the unsaponifiable fraction: plant 
sterols: j9-sitosterol, stigmasterol and camp- 
20 esterol; natural tocopherols: a-, y- and 8- 
tooopherols; fatty acids: lauric, myristic, palm- 
itic and linoleic adds; and a small amount 
of sqi^Iane. 
Various theories have been advanced to 
25 es^datn the physiological activity ol a-toco- 
pherol (vitamin E) ^ich is a constiment of 
the unsapomfiable fraction of soybean oil, 
one of whidi is a biological antioxidant theory. 
Thus, it has been theorized that «-tocopherol 
30 has antioxidant properties because erf the faa 
that animals d^cient in vitamin E have in 
their body compounds which are considered 
to be peroxides <rf lipids. According to another 
theory, vitamin E direcdy takes part in an 
35 enzyme reaction, reducing cytochrome C in 
the presence of unsaturated fatty acids. Other 
interesting theories concerning vitamin E have 
been advanced, indudiog a tiieory in which 
vitamin E is involved in the biosynthesis of 
W and retention within body of ubiquinone. 
Another theory is that a lack of vitamin E 
gives rise to peroxidation of unsaturated ali- 
phatic acids which are contained in livii^ 
membranes, thus changing the transmittancs 
45 or diffusing diaracteristics of the mpmyr anpft 
As indicated above, the tocopncrois axe con- 
sidered to have many uneaqjected physidogical 
effects other than that of an antioxidant aiul 
may accordingly prove useful in a variety of 
50 af^kcations as medidnes. The medicinal 
action of the nonsaponifiable fraction of soy- 
bean oU used in the present invention appears 
to be due to the tocopherols ^duch are 
present in large amounts in the nonsuMmifi- 
55 able fraction. 

The unsaponifiable fraction of soybean oil 
of the present invention is a produa vftddi 
IS obtained by the distillation and condensa- 
itA ^^^^^ natural soybean ofi. It is not now 
oO possible to artificially prepare an agent having 
the same composition as the distillate. 

At die present time, it is also difficult 
to scientifially explain die reasons for die 
piq^siolQgical potentiation of the components 
bS oontamed in die oO fraction or for the reduc- 
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tion of die undesirable side effects . 

Escperiments indicate diat a nonsaponifiable 
fraction of soybean oil having a ccHnposition 
of about 457; by weight of plant sterols and 
about 20% by wdgfat of tocopherols is pre- 70 
ferred for use as an antilipemic agent. Thus, 
the nonsaponifiabte fraction of soybean oil 
used in the present invention is prepared in 
a manner as to have about 45% by weight 
plant sterols and about 20% by weight toco- 75 
pherols. The content of plant sterols and toco- 
pherols depends upon the type of soybean 
oil used. The nonsaponifiable fraction of soy- 
bean oil of the present invention, can be 
prepared using crude fatty acids of soybean 80 
oil (deodorized soybean oil distillaie) con- 
taining about 25% by weight of plant sterols 
and about 18%, by weight of tocopherols by 
subjectmg the same to esterification widi 
methanol and then to molecular distillation 85 
to separate free fatty adds therefrom, then 
recovenng the nonsaponifiable fraction whidi 
oontams about 45% by weight of plant sterols 
andabout 20% by weight of tocopherols. 

The nonsaponifiable fraction of soybean oil 90 
in die present invention is an opaque, 
brown semi-solid at room tempejature and 
becomes a semi-transparent oily liquid when 
5SS?^T^.* temperature higher dian about 
!? . " ^® ^ ^ distinctive odor and tastes 95 
slig^dy sweet. 

Although other pharmaoeutically acceptable, 
orally administerable, carriers may be used, 
the nonsaponifiable soybean oil fraction used 
m the invention is preferably employed in 100 
an encapsulated granular form. In die granu- 
lauon It IS necessary to use as an absorbent 
acompound which is highly oil-absorptive and 
which does not adversely affect the stability 
ctf die tooopherols contamed in the nonsapon- 105 
ifiable fraction. The use of sflicates as carrieis 
shoald be avoided since such carriers may cause 
liver troubles. 

The prefened granules are those which 
easily disint^te^ or faU to pieces in water, 110 
and which can be leadUy filled into hard 
^^es by means of automatic filling appar- 

A higjily purified sihac add anhydride 
which is obtained by diermal hydrolysis of 115 
siHcon tetrachloride (available under the ro- 
istered Trade Marie "Aerosil" No. 200-^00) 
was used as die absorbent to make die anti- 
hpemic composition administered in the tests 
described below. 120 

In a preferred procedure, the high purity 
sihac acid anlQrdride is first added to and 
mixed widi the nonsaponifiable fraction of 
soybean oil, and the mixture is dried. The 
resultant product is then reduced to pow- 125 
dered form. An organic solvent sudi as 
chloroform, chloroihen, or methylene chloride, 
may be added to and kneaded with the pow- 
der which absorbs the solvent to produce 
granules having suitable properties for fiUuig 130 
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into capsules by the use of an automatic 

capsule-filling maghing. 

In the above-described preparation of the 
granules, it is preferable to use toge&er with 
5 the organic solvent an organic solvent-soluble 
binding agent such as polyvinylpyrrolidone, 
a copolymer of 2 - methyl - 5 - vinylpyridine- 
methacxylic add, mediylaciylate or the like, 
to improve the mechanical sii en gd i of the 
10 granules obtained and the quality of the 
tablets made therefrom. In order to further 
improve the solubility of the product in water, 
a small amount of a surface active agent 
such as sodium lamylsulfate, pclyoxyethylene 
15 monostearate, polysorbate, or a derivative 
of castor oil or polyoxyethylene may be added 
to the mixture singly or in combination. More- 
over« in order to stabilize the tocopherols in 
the nonsapomfiaUe fractioi^ a small amount 
20 of antioxidants and synergists of tiie anti- 
ooddants sudi as vitamin C, citric add^ etc. 
may be added. 

A small amount of lubricant sudi as mag- 
nesium stearate may also be added to the 
25 granular pixxiuct to faciliute filling into cap- 
sules by means of conventional automatic 
capsule-filling machines. 

Granules produced by this tedmique usually 
contain about 50% by weight of the non- 
30 sapomfiable fiaction of soyfo^ oil. They are 
readily disintegrated by water, and diey offer 
die further advantage that the stabiliQr of the 
tocopherds contained diezein is excellent. 



The invention is illustrated by the Examples 
and Tests which follow. 35 

Example 1. 

Preparation of tJie Nonsapomfiable Fraction 
of Soybean Oil: 

A coarse fatty add fraction (soybean oil- 
deodorized distillate) of soybean oil, contain- 40 
ing about 25% by weight of plant sterols and 
about 18 7o by weight of tocopherols, was 
reacted with methanol in the presence of om- 
centrated sulfuric add at a temperature of 
68°C for 3 to 4 hours to form an ester 45 
product The excess methanol was iiemoved 
frcsn the reaction product, which was then 
washed with water at a temperature of 170** 
tc 180° C, and condensed and purified by 
molecular distillation at a temperature of 170** 50 
to 180**C under a vacuum of 20 to 50 mmHg. 
The purified nonsaponifiable fraction of s<^- 
bean <h1 was then analyzed bv a color reac- 
tion test^ a dlgitonln predpitation method, 
infrared and ultraviolet absorption spectra and 55 
a thin layer and gas chromatography. The 
test results are shown as follows: 

Plant sterols i«ichi^fnc casspesterol, stig- 
masterol and /3-sitoster<d . . . about 45% 
by weight 60 
Tocopherols containing 7- and ^toco- 
pherol . . . about 20% by weight 
Squalene . • . slight amount 
^ The tocc^herols in the nonsaponifiable frac- 
d<ffi were identified as natural tocopherols, 65 
on die basis of the data given in Table 1 
below. 
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The saturated salt solutions employed in 
the above measuiements were as follows: 

Salt Relative Humidity (y^J 



CH3COOK 
CrOa 

NaBr-2H,0 

NaNOa 

(NHJ^SO^ 

KCL 

KaCrO* 

KNO, 

KaSO« 



20.4 
40.2 
53.7 
70.2 
79,1 
823 
85.6 
903 
95J 



The saturated salt solutions shown in die 
left-hand column above, mgtntgfn ^ lespec- 
5 tive Relative i^miidities shown in the right- 
hand column when kept in sealed bottles at 
37*0. 

As is apparttit from Table 3, the cncap- 
sulated nonsapomfiable fraction of soybean 
0 oil is stable below a relative humidity of 
about 60%. The data indicates that the 
critical humidity for stability of the non- 
saponlfiable fraction of soybean oil is 63.1%. 



Test 4— Light StaMity. 
The lig^t stability -of the nonsaponifiabltf 
fraction was measured^ with and without en- 
capsulation, by irradiating samples by means 
of a low temperature ^Xenon^ (registered 
Trade Mark) fade meter with a Ught quantity 
{about 180 Langley^ ultraviolet ray having 
300—400 nm) corresponding to that of 10 
day's direct sunlight, averaged dmm^ a year. 
During the irradiation period, the samples 
were observed for changes in color and odor, 
and were subjected to qualitative analysis, 
to measurement for ultraviolet spectra absorp- 
tion, to thin layer chromatography and to 
quantitative analysis. In the case of those 
samples of the ncmsaponifiable fraaion of 
soybean oil not encapsulatol, the color 
dianged from brown to yellowish brown, and 
the wavelengths of the maximum and mini- 
mum absorption spectra at 295 nm and 261 
mn in ethanol solution, respectively, did not 
shift at all, though the ratio of the light 
absoxpti<ai spectra increased by about 3.5% 
after 5 days* irradiation and by about 8.7% 
afig 10 days' irradiation. The content of 
tooopherols was leduoed in an amoimt of 
about 6% after 5 days' irradiation, and of 
about 10%» after 10 days* irradiation. On 
the other hand, with the encapsulated samples, 
prepared as in Example 2 below, the degree 
of change was smaller as compared with that 
of the samples not encapsulated; the ratio 
of ultraviolet absorption spectra was increased 
by 3.6% after irradiation for 5 days and by 
5% after irradiation for 10 days; and the 
tocojHiaol content was reduced by 2% after 
madiation for 5 days and by 6% after irrad- 
iation for 10 days. 



TOXICITY TESTS 
It will be appredated from the above test 
results that antilipemic compositions contain- 
ing therapeuticalty effective amounts of the 65 
unsapom'fiaWe fraction of sojHbean oil should 
be kept in a dark storage place. Experiments 
*ow that when the nonsaponifiable fraction 
of soybean oil (both encapsulated and non- 
cnopsulated) is placed in a sealed container 70 
and shielded from Kght, it retains its thera- 
peutic effectiveness for longer than two years. 

The toxicity of the nonsaponifiable frac- 
tion of Example 1 was examined by m«inc 
of an acute toxicity test, a subacute toxicity 75 
test and a chronic toxicity test, which tests 
TOre conducted in the manner described 
bdow. The antilipemic compositions employed 
were prepared as described in Example 2. 

Test 5— Acute Toxicity Test 
A number of dd mice (female and male) 
havmg a weight of 12 to 18 g and Wistar 
rats (female and male) having a weight of 

li.i'* ^Pa ^iJ^? procured when 4 

weeks old and bred in a labwatory for 1 85 
week, were employed as die test animals, 
rive mice and five rats were taken as each 
^oup in die test. A sesame oa solution of 
me mmsapocifiable fraction of soybean oU 
was dosed by stomach tube to these animal 90 
groups m acccurdanoe with the f oUowing pres- 
cnptions and each animal group thus treated 
was kept m a breeding box maintained at a 
temperature of 22 ± 2C widi a relative 
humidity of 55i:5%. 

Mouse: 8.0 g/kg tin ough mouth 

4.0g/kg throu^ hypodennic in- 
jection 

? Og/kg through abdominal in- 
jection JQQ 
Rat; 8.0 g/kg through mouth 

2.0g/kg through hypodermic in- 
jection 

1.0 gAg through abilominal in- 
jection 

72 hours after dosing, the life signs of the 
test animals were observed and for 10 days 
thereafter to deteimine the LDbo value. The 
test results are as follows: 

LD50 (median lethal dosage): 72 hours after HO 
dosing, all of the mice and rats were alive 
and even after the subsequent 10 days, none 
had died. Thus, it was impossible to calculate 
a JJDsa value. 

Toxic symptoms: No differences between 115 
the test animals and nonnal animals were 
observed witii regard to toxic symptoms or 
behavior. 

Test 6 — Subacute Toxicity Test. 
^^^^ ^ Wistar male rats (weight: 120 
]?c — ^ female rats ^weight: 105 — 

135 g), purchased when four weeks old and 
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bred in a laboratory for 1 week, were cm- 
ployed as test animals. Ten male and ten 
female rats were taken for eadi group in the 
test. The unsaponiiiable fraction of soybean 
5 oil was mixed with a powdoed foodstuff and 
the mixture was dosed to each of the groups 
in the different amounts shown below. The 
dosed rats were k^t in breeding boxes main- 
tained at a temperature of 22=i:2°C with a 
10 relative humidity of 55 ±5%. The breeding 
boxes were ventilated 10 times per hour. 

Daily Dosing Amounts: 9000 mg/kg 
4500mg/kg 
2250 mg/kg 

15 The above differing dosing amounts were 
determined on the basis of results of pre- 
liminary experiments vi^rein rats were dosed 
with the unsaponifiable fraction over 2 weeks. 
The antilipemic composition of die present 
20 invention was administexdd by mouth to each 
group of rats (males and females being kept 
sqmrately) daily in the three different dosing 
amounts mentioned above, by mixing the 
composition with a powdered foodstuff pro- 
25 duoed by Nippon dare K,K. The dosing 
test was continued for 1 mondi, periodically 
mea.suring the weight of each test animal* 
The amounts of feed and water taken by 
each test animal were also monitored and 
30 animals were observed for toxic symptoms. 
At the end of the two week dosing period, 
the test animals were subjected to a urinalysis 
(for determining pH, protein and sugar 
values), a blood test (for determining num- 
35 ber of red blood coxpusdas, number of white 
blood corpuscles, amount of hemoglobin, and 
white blood pattern), a patho-morphological 
study (for examination of main organs by 
dissection and measurement of weight), and 
40 a biochemical stu^ of serum (for measure- 
ment of GOT» GPT, Al-F, C3i-E, T.Ch, 
F.Ch, Na+, K+, d', scrum protein and blood 
)• 



: test results are summarized ais follows. 
45 1) General symptoms were the same as 
those of the controls with no deaths or toxic 
symptoms. 

2) No significant changes in wei|^^ or in 
the amoum of feed and water consumed was 

50 noted for any animal. 

3) No significant differences between the 
test groups and the control group were dis- 
covered by the Uood tests. 

4) The biochemical study of the blood 
55 serum of each test animal revealed no differ- 
ences that could be attributed to differences 
in the amounts of the nonsaponifiable frac- 
tion administered. 

5) No adverse effects on the weight of 
60 the oigans or in the patho-moxphcd<^cal 

study were noted. 



Test 7— Chronic Toxicity Test. 
A number of Donryu male rats (weight 
90 — 130 g), purchased when four weeks old 
and raised for a suitable period of time, 65 
were used as test animals. Ten rats were 
taken for each group. The nonsaponifiable 
fraction of soybean oil was mixed with a 
powdered foodstuff, and the mixture was fed 
to each of the test animals in the differgnr 70 
amounts shown below. The rats thus fed were 
kept in breeding boxes maintained at a tem- 
peramre of 22±2*'C widi a relative humidity 
of 55=b5%. 



Daily Dosing Amount: 



9,000 mg/kg 
6,000 mg/kg 
3,000 mg/kg 



75 



In one group (of ten rats), three rats were 
dosed for 13 weeks and seven rats for 27 
weeks. During the test priod, the weight and 80 
feed intake of each rat were monitored wfafle 
observing for toxic symptoms. After cwn- 
pletion of the respective test periods, the test 
rats were subjected to a urinalysis (pH, pro- 
tein, sugar), 3 blood test (number of red 85 
blood coipusdes, number of white blood cor- 
pusdes, amount of hemoglobin, whits blood 
pattern), a patho-morphoiog^cal study (exam- 
ination of main organs by dissection and 
measurement of weight) and a biochemical 90 
study of Ae serum (measurement of GOT, 
GPT AI-P, Ch-E, LDH. T.Ch, F.Ch, Na^ 
K , Cl~, senmi protein and blood su^gar). 
The test results are stunmarized below. 

1) General symptoms of the rats fed the 95 
antilipemic composition were the same as 
those of the controls, with no deaths or toxic 
symptoms. 

2) No optical-microscopic changes in the 
artery systems coronary artery, renal artery, 100 
etc, were noted. 

3) In the kidneys no marked differences 
were observed in fat deposition, in the amount 
of glycogen, in generation of stellate cells, 

or in the parenthemal cells as compared to 105 
the control group. 

4) No changies in mydopoietic functions 
were noted. 

5) The biodiemical examination revealed 

no unusual changes. hq 

6) No significant differences were observed 
with respect to wei|Jii, feed and water con- 
smnption, the items of the blood test, or 
with respect to the wei^t of the oxsans 
exanuned. 

It will be appreciated from the above- 
summarized test results that the antilipemic 
agent of the present invention is extremely 
nontoxic^ so that it is possiUe to administer 
the agent over a long period of time without 120 
incurring adverse effects. 

The medicinal effects of die antilipemic 
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composition of the present invention have 
been detennined by laboratory tests on both 
animals and clinical cases. Several of sudi 
tests axe described below. 

5 Test 8 — Pharmacological Eifecis. 

Testing method: A number of male rabbits 
were employed as test animals. The rabbits 
wwe purdiased at a weight of about 2.0 kg 
and raised for about 2 weeks, allowing diem 

10 to become acclimatized to their new environ- 
ment before being employed as test animals. 
Thirteen rabbits were employed in the test 
and the rabbits were divided into a control 

«c F°"5 and a test groim. A solid foodstuff 

15 (produced by Nippon Clare K.K.), contain- 
ing 1% by weight of cholesterol, was fed 
each day to bodi groups of rabbits in die 
amount of 100 grams per rabbit. Water was 
supphed ad libitmn by means of an auto- 

20 matic water-feeding apparatus. The anti- 
lipemic composition was administered to the 
tet group in capsule form in the amount 
of 1.7 g per day for 12 weeks; the control 
group was fed potato starch in the same 

23 manner. The level of lipids in die blood 
^rum of all the animals was measured in 
the manner described below using blood 
sampled from the ear vein, prior to the 
start of the test period and, diereafter, every 

J" two weeks during the test period. 

Kitamura's modified 
Zak-Heniy mediod 
Digitonin Method 
Van Handel-Kawade's 
improved Yamamoto 
Method 

Nakamiira's modified 
Allen Method 
Electiophore^ Method 

40 
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Total Cholesterols 

Free Cholesterol 
Neutral Fats 



Phosph(d2pids 
lipoprotein 



A) Change in weight 
The weights oi the composition-dosed group 
rabbits as well as control group rabbits in- 
orased normally. In diis respect^ no differ- 
ences were noted be twee n the two groups. 
45 B) Lipids in serum 
1) Cholesterol 

A remarkable increase in the amount of 
total cholesterol and free chcdesterol was noted 
in the control group, while the group to whidi 

50 the antHipemic conq>osition was administered 
showed a relatively small increase in both 
total and free cholesterol which was about 
half that of the control group. Fig. 1 of the 
accompanying drawings is a graphical 

55 resentation of changes in the amount of total 



diolesterol in serum versus time elapsed dur- 
ing the test period for both the agent treated 
group and the control group. Fig. 2 of the 
accompanjring drawings is a graphical repres- 
entation, similar to Fig. 1, of dianges in the 60 
amount of free cholesterol in serum versus 
time. In these figures, "ST— 2" designates 
the antilipemic composition of the present 
invention containing a nonsaponifiable fraction 
of soybean oil. The data shown in Figs. 1 and 65 
2 indicates that die antilmemic composition 
of the present invention effectively suppresses 
the increase of diolesterol in scrum. 

2) Phospholipids: 

Fig. 3 of the accompansring drawings is 70 
a graphical representation of dianges in 
amount of pho^bolipids in the serum versus 
time elapswl, in the test period for both 
the composition treated groiq> and the control 
group. As is api^rent from Fig. 3, die anti- 75 
lipemic composition of the present invention 
is also effective in suppressing die increase 
of phospholipids in serum. 

3) Neutral Fat: 

Fig. 4 of die aoconqianyxiig drawings is 80 
a graphical representation of dianges in the 
mnount of neutral fat in the serum versus 
time elapsed, for botii the composition-treated 
group and the control group. As shown in 
Fig. 4, the neutral fat value for the com- 85 
position treated group was slightiy higiher 
than that of the control group before com- 
menoement of the test, but became lower 
than that of the control group after 6 weeks 
of the dosii^. After 12 wedcs, the neutral 90 
fat value ci the oompositicm-dosed group was 
reduced to half that for the contnd group. 

4) lipoprotein m Serum: 

Fig. 5 of the accompanying drawings is 
a graphical rqnesentation of changes in the 95 
amount of lipoproteins in the serum versus 
time elapsed for the agent- treated group and 
for the control group. As shown in Kg. 5, 
in the control group, the ratio of jS-lipoprotein 
to o-lipoprotein sharply increased, while in 100 
die composition-dosed group, the ratio in- 
creased only sli^tiy and reached a omstant 
value after 8 wedcs of the dosing. Thus*, 
the data indicates that die antilipemic com- 
position of the present invention also su|>- 105 
presses the increase of formation of lipopro- 
tein in serum. 

C) Lipid in viscera (liver cholesterol) 
As shown in Table 4, below, the total 
amount of diolesterol in viscera and free 110 
cholesterol in viscera of the composition- 
treatEd groiq> were reduced to low values, 
differing significantiy from the oontrcd group. 
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TABLE 4 





Liver Cholesterol 




Group 


Total (mg 'g) 


Free (mg/g) 


Free 9r 


Control 


4.57 
0.890) 


L09 
(±0. 166) 


24.84 
(i 1.433) 


ST-2* 


1.39** 
(t 0.343) 


0.47** 
(x 0.068) 


38.24** 

(± 2.694) 



■ — V* waw f^»W««S*» AUVeKft 

** ~ Tliere exisU a significant difference in p 0,01* 
S.E. (S.E, • standard error) 



D) Plant sterols contcaned tn serum and 
liver 

The amount of total diolesterol contained 
5 in the serum and Hver was measured by a 
colorimetric analysis in which a compound 
having a sterol ring induces a reacticHL If 
^nt sterols are piiesent in a sample, a color 
reaction identical to that far cfaolestErol takes 

10 place. Therefore, where the amount of total 
chdesterol in the senmi was determined after 
administration of the antilipemic oompodtioa 
of the present invention, this total cholesterol 
value is regarded as a sum of values for 

15 cfacdesterol and jdant sterols. Accordingly, the 
use of a value for total cholesterol does not 
reflea a correa diagnosis for lipemia. Thus, 
in order to comecdy determine ^e choles- 
terol level in each viscus and serum sample, 

20 it is necessary to correcdy determine and 
subtract the amount of plant sterols. The 
plant sterol value can be determined using 
an FID gas liquid cfanxnatography in com- 
bination with thin lajrer diromatography. 

25 Test 9A — Tests on Laboratory Animals 

Four groups of white rats were used in this 
test. One control group was fed with a 



diolesterol-free foodstuff while a second con- 
trol group was fed a 0.5% didesterol-con- 
taining foodstuff. A ihird group was fed widi 30 
a cholesterol-added foodstuff, attaining 1.5% 
by weight of plant sterols, and the fourth 
group was fed with a cholesterol-added food- 
stuff containing the antilipemic composition 
<rf the present invention. These foodstuffs 35 
were fed to the respective groups for four 
weeks. At the condusion of the four wedc 
test pexiod, the cholesterol values in the 
serum and as liver lipids were detennined, 
and the lipid fracdoas <kP the serum and liver 40 
samples were analyzed by FID gas-liquid 
chromatography in combination with thin 
layer diromatography. The test results axe 
shown in Table 5, b^ow. It is apparent from 
Table 5 that about 50% by weight of the 45 
total cholesterol value rnnesented substimted 
plant sterols. According^, the value which 
is obtained by subtracting tiie plant sterol 
value from the total cholesterol ^^lue is coi^- 
sidered to be a true cholesterol value for 50 
serum and as liver lipids. The data shows that 
when the antilipemic agent of tiie preseat 
invention is fed to rats^ the true cholestend 
value is reduced to a remaxfcable degree. 
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B) Test on Patients 

Hus test was conducted with 45 patients 
who were hypertensive and had total serum 
lipid cholesterol levels higher than 220 mg/dl. 
5 Nine capsules of a placebo were administered 
orally daily to each patient for the first three 
wedcs of a six week test period, and nine 
capsules of the antilipemic composition used 
in the pxevious tests were orally administeied 

10 dailv for next three weeks. The total 
cholesterol in the f onn of blood serum lipids 
was detennined by ZakHeniy's method, and 
the lipid fractions of the same serum were 
analyzed by a FID gas liquid chiomatogiaph 

15 used in combination with thin layer cfarom- 
atograi^y. The results axe shown in Table 

As is apparent from Table 5, the total 
senun lipid cholesterol value was reduced 
20 by 13.5% on average (P<0.05) by treatment 



wiih the antilipemic composition of the pres- 
ent invent! on J as compared to the placebo 
control. Furthennore, if the substituted plant 
sterols, about 9% on average, are subtracted 
from the total cholesterol value, the true 25 
serum lipid cholesterol value becomes lower 
by 22.5% than the corresponding value for 
the placebo controL While the placebo was 
being administered^ no plant sterols were 
detected in the serum. 30 

5) Pathological Observation 

a) Visceral Observation 

Heart: Fat deposition was noted in portions 
m the cardiac apexes and coronaries of both 
groups, but the number of cases showing 35 
such deposits was smaller for die antilipemic 
composition-treated groiq>. 

Spleen: A milk-white substance was found 
in both groups, but in a greater amount in 
the control group. ^ 
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Liver: Almost all of the contrcd group 
were found to have a fatly liver, while most 
of die andlipemic agent treated group showed 
a normal liver color. 
5 Aorta: In the control group, the degree 
of arteriosclerosis was greatest at the arch 
region with a downwardly weakening tend- 
ency toward the thorax and the abdominal 
region. Distina fat deposits were also found 
10 in cardiac artery arteriomesenterial and renal 
artery openings. On the other hand, in the 
antilipemic composition treated gioi4>j these 
symptoms were found in only 1 or 2 cases. 

b) Weight changes of viscera 

15 widi regard to the kidn^, lui^ and heart, 
no differences between the two groups was 
noted, but with regard to the liver, adrenal 
glands and spleen, the wei^ts of these organs 
for the antilipemic amiposition'treated group 

20 was slightly smaller thaa that of the control 
group. A significant difference was noted only 
in liver weight. 

c) Histological Examination 

The aorta (aich region), heart, lung, spleen, 
25 and adrenal glands were histologically exam- 
ined. 

Aorta: In the control group, generation 
or degi^ration of foam'^ cells todk place. 
Furthermoie, fat was diffusively deposited on 

30 portions ct the median membrane in droplet 
or oval form. Additionally, a few uostanoes 
of atheromatous degeneration within the 
aorta were noted whidi showed swelling and 
bieakage of elastic fibers, and the prolifera- 

35 tion or growth of glue-like fibers. In some 
cases within the control group, foam cells 
co-existed with a relatively large complex of 
fat at the uppermost layer of the inner men>- 
brane and with fine droplets on the lower 

40 layer, indicating a slight degree of athercnna. 
In the other cases, there was either almost 
no change or a slight infiltration of lipids 
in the endotfaelia of the umer membrane. 
Within tiie antilipeouc composition-treated 

45 group, in only one severe case were granular 
fat deposits noted on endothelium of the 
aorta. Foam cells were also noted in the 
singular case. In the other cases within the 
treated group, no such conditions were noted. 

50 Lung: Oedemalosous hypertroi^y on the 
inner membrane of the arteiy walls was noted 
in two cases within the control group. No 
such symptoms were noted in any case within 
the treated group. 

55 Heart: No fat dqwsits were noted go. the 
myocardial fibers in any case, except for a 
dig^t accumulation of fat on the epicardiimi 
in a few cases within the control group. 



Membranic edemas on the aortic ardi were 
noted in 4 cases within the control group, 60 
in vvbldi cases athermatous symptoms were 
distinctly visible. In one case within the 
composition-treated group an intimal edema 
was noted, slightly dyed with eosin. 

Spleen: Nest-like fat deposits under the 65 
membrane were noted in four cases in the 
control group and in three cases in the 
conq>osition-treated group, although the decree 
was different. In tiiose three composition- 
treated cases, there was a sli^t hypertrophy 70 
of the spleen. 

Liver: Althou^ highfy fatxy liver qnnptoms 
were observed with the naked eye, tiieie 
actually were only small deposits of hct 
globules in the liver ceUs and a pattern of 75 
circumferential pimelosis was observed. The 
fat deposits were noted main^ in the stroma 
or interstitial cells and in Rupffer's stellate 
cells, particularly in and around the center 
of the vein of the Glisson's capsule These 80 
symptoms of the liver were, in a larger degree, 
found in the control group, atid genorally 
oidy slig^y in die composition-treat^ group. 

Test 10— Qmical Tests. 
The f dlowing clinical tests were conducted 85 
at the Tdkyo Medical Cdlege. 

Test iVletiiod: 38 patients having diverse 
symptoms such as an ischemic heart disease, 
hypertension, diabetes, acute hepatitis, and 
gastric ulcers were sui^eaed to the dinical 90 
tests. The total diolesterol value in the serum 
was within the range of 205 to 335 mg/dl 
before treatmem and had an average value 
of 260.4 mg/dl. 26 patients showed a total 
chdesterol levd higher than 250 mg/dl, and 95 
12 patients a value within a range of 205 
to 248 mg/dl. Six capsules of the antilipemic 
composition prepared as described in Example 
2 were fed orally to each of the patients 
daily for 4 to 20 weeks, or for 7.6 we^ 100 
on die average. 24 patients were administered 
an inactive placebo, instead of the agent, 
during the period between the 8tii and 12th 
weeks, indusive. 

Results: IQ5 
Serum Cholesterol Value: 
The average value for scrum cholesterols 
before treatment with the composition of 
the present invention was 260 mg/dl, which 
value was reduced to 225.9 mg/dl two weeks HO 
after commencement of the treatment and to 
229.9 mg/dl four weeks after. The value 
rebounded to slighdy higher levels, i.e., 232.2 
mg/dl and 240 mg/dl respectively, 6 weeks 
and 8 weeks after die commencement of the 115 



*^A foam cell is defined by Wd)ster's as 
"A swollen vacuolated reticuloendothdial cell 
filled with lipide indusions and characteristic 
of certain conditions involving disbubanoe of 
lipide metabolism. 
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treatment. In the 12th week after the placebo 
had been administered in place of the anti- 
lipexnic composition for 4 weeks, die vahie 
rose to 244.8 mg/dL 
5 i^-lipoprotein: 

n Fried Hoeflmayr's Method 
The average value for i3-lipoprotein before 
treatment was 592.3 rog/di^ 2 weeks after 
c omm encement of die tzeatment it fell to 

10 527.1 mg/dl, 4 weeks after 529.8 mg/dl, 
6 weeks after 535.1 mg/dl and 8 weeks after 
550 mg/dl. Thus, the value was reduced 
Hnring die 2 to 6 week imeival after com* 
mencemem of the treatment. In the cases 

15 v^ere the placebo was used after die eighth 
week, the values were 524.8 mg/dl 10 weeks 
later, and 520.7 mg/dl 12 weeks later. Thus, 
there appeared to be no reboimd phenomenon, 
ii) Capillary Precipitation Mediod 

20 The average value for 11 test cases was 
4.5 mm before commencing treatment with 
die composition of the present invention and 
was reduced to 3.7 mm 4 weeks after com- 
mencement, and to 4.0 mm 8 weeks after. 

25 Furthermore, in five cases, where the com- 
position was administered for 4 weeks and 
then substitoted with a placebo, the average 
value was 3.7 mm 8 weeks after. Hierefore, 

^ no ^H^^^ii^^^tienQmetton was evident. 

When GOT and GPT were studied in 38 
cases, die average value of GOT before 
treatment was 31.2 and 25.1 after treatment, 
and diose of GPT, before and after die treat- 
35 men^ were 32.9 and 26.2, respectively. 

The Meulengracht's value and die ALP 
value were studied in 38 cases. The average 
of the Meulengracht's values was 6.9 before 
An J^^^t ^ present oomposidon and 
^TatS^ treatment, and average values 
of ALP before and after the treatment were 
8.8^ and respectively. These values re- 
mamed relatively constant before and after 
die tteatmenti thus indicating that the com- 
^3 position of the present invention did not pro- 
duce any ill effects. 
Secondaxy Action: 
No secondaiy effects were observed 
An example iUustrating the preparation 
3u of a granular composition in accordance with 
die invention will now be given. 
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Example 2. 
470 g of the nonsaponifiable fraction of 
soybean oil prepared in Example 1, 20 g of 
vitamin C, 10 g of citric acid, 40 g of 55 
calcium celhilose glycolate, 20 g of sodium 
laurylsulfate, 10 g of polyoxyetltylene mono- 
stearate and 600 ml of a halogenated hydro- 
carbon soWent were measured and suffiaentiy 
niixed to fonn a suspension. 390 g of "^Aerosil" 60" 
No. 200-400 r Aerosil" is a roistered Trade 
Mark) were added and mixed with the sus- 
pension while agitating. The mixture was 
Aen dried at a temperature of about 50 to 
60 C to give a solid materiaL The solid 65 
product was dien pulverized to reduce to 
powdered form. To the powder was aHH*.^ 
600 ml of a chlorothen-edianol solution con- 
taming 40 g of polyvinylpyrrolidone. The re- 
sultant mixture was kneaded and then gran- 70 
ulated using an ECK pelleter. The res5tant 
granules were then dried at about 50*C to 
gve a non-tacky product. The content of 
the nonsapom'fiable fraction of soybean oil 
m die granular product was 47% by weight. 75 
The granules readfly disintegrated in water. 
Additionally, die stability of die tocopherols 
in die granular product was f^f^^j p ri r 

WHAT WE CLAIM IS:— 

1. An antilipemic composition comprising 80 
a nonsaponifiable fraction of soybean oil amd 

an oraUy administerable carrier, said nonsapon- 
mable fraction containing about 45y by 
weight of plant sterols, including campe^ercd, 
sagmasterol and i?-sistosteroL and about 20y 85 
by weight of tocopherols. 

2. A con^osition according to Qaim 1, 
wherein said carrier comprises a silicic add 
anhydnde. 

3. An antilipemic compositi<ai, according to 90 
Claim 1, and substantially as hereinbefore 
described. 

TREGEAR, THIEMANN & BLEACH^ 
Chartered Patent Agents 

Enterprise Houses 
Isambard Brunei Road, 
Ponsmoudi POl 2AN, 

49/51, Bedford Row, London WCIV 6RU, 
Agents for die Applicants. 
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